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Abstract. Oil palm fruit waste (OPFW) was conducted using polyhydric alcohol (PA) as 
liquefaction solvent with H2SO4 in three different OPFW/PA ratio (1/2, 1/3 and 1/4). During the 
liquefaction, cellulose, semi-cellulose and lignin are decomposed, which results in changes of 
acid value and hydroxyl value. The liquefied OPFW were characterized by Fourier Transform 
infrared (FT-IR) spectroscopy. The hydroxyl and acid values of the liquefied oil palm fruit waste 
(OPFW) varied with the liquefied conditions. It was observed that with an increase in the 
liquefaction solvent (PA) amount in the mixture resulted in a high acid value and hydroxyl value 
for the OPFW. FT-IR spectroscopy analysis showed that the resulting biopolyol was suitable 
monomer for polyurethane (PU) synthesis for the production of PU foams. 
 
Introduction 
In year 2008, 4.88 million hectares of land in Malaysia is covered by oil palm cultivation which 
produces 90.40 million tonnes of fresh fruit bunches (FFB). The amount of oil palm biomass 
produced by these oil palm plantations in year 2008 is estimated to be about 37.0 million tons, 
consisting of 22% empty fruit bunch (EFB), 13.5% fruit press fiber (FPF) and 5.5% shell 
(Malaysia Palm Oil Council (MPOC), 2004 and Malaysia Palm oil Board (MPOB) January, 
2009) [1]. Indiscriminate disposal of these wastes will cause serious environmental problems. 
Therefore, developing new technologies for converting oil palm biomass to energy sources 
(liquid or gas) becomes an attractive research area. Thermochemical biomass conversion 
includes a number of possible methods such as, pyrolysis, gasification, and liquefaction, to 
produce fuels and chemical. Lignocellulosic biomass could be converted to liquids biopolyols for 
the preparation of polyurethane (PU) foam. Biopolyols obtained by liquefaction have high 
hydroxyl functionalities and great potential in the production of PU foams [3]. A large variety of 
lignocellulosic biomass such as pine wood [2], bamboo [4], wheat straw and soybean straw [5] 
have been liquefied into liquid polyols for the preparation of PU foams. The incorporation of 
biomass components in polymeric compositions of PU foams can reduce manufacturing costs 
and provide a certain degree of biodegradability. Thus, the aim of this study was to utilizing 
biomass liquefaction conversion technology of oil palm fruit waste for rigid polyurethane foam.  
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Experimental procedure 
Preparation of liquefied oil palm fruits waste (LOPFW). Ethylene glycol (EG), polyethylene 
glycol 400 (PEG400) and glycerol was used as the main liquefaction solvent. In addition, 
sulfuric acid was added as the catalyst. First, oven dried oil palm fruit waste (20g) and 
liquefaction reagent were mixed at 1/2, 1/3 and 1/4 weight ratio with 5% sulfuric acid as a 
catalyst. Then the mixture was placed into a 250 mL three-branch flask equipped with 
thermometer and magnetic stirrer. Liquefaction temperature and time was 150°C and 120 min (2 
hours), respectively. The liquefaction was carried out in an oil bath. After that, cooled down to 
stop the reaction. The liquefied oil palm wastes were dissolved in 100 mL of methanol for 4 h. 
The liquefied solutions were then vacuum-filtered through filter paper. The filtrated liquid was 
evaporated at 70°C using rotary evaporator to remove methanol, the obtained black liquid was 
designated crude biopolyols.  
 
Characterization of liquefied products  
Measurement of acid value of liquefied oil palm fruits waste (LOPFW). Acid value must be 
known in order to determine the hydroxyl value of liquefied oil palm waste. A mixture of 8 g 
LOPFW, 80 ml 100% 1,4-dioxane and 20 ml water was titrated with 1 M sodium hydroxide 
(NaOH) solution to the equivalence point. The acid value in mg KOH/g of sample was calculated 
by the following equation: 
Acid value (mg KOH/g) = 
 (𝐶−𝐵)𝑁 ×56.1
𝑊
 
 
Where C is the titration volume (mL) of the sodium hydroxide solution at the equivalence point         
(mL); B is the volume of the blank solution (mL); N is the equivalent concentration of, KOH 
solution used, and W is the weight of LOPFW (g). 
Measurement of hydroxyl number of LOPFW. Hydroxyl number was determined as follows: 
a mixture of 1 g LOPFW sample and 25 mL of a phthalation reagent was heated at 110ºC for 20 
min. After that, 50 mL of 100% 1,4-dioxane and 25 mL of distilled water were added and the 
mixture titrated with 1 M sodium hydroxide solution to the equivalence point using pH meter. 
The phthalation reagent consisted of a mixture of 150 g phtlatic anhydride, 24.2 g imidazol and 
1000 g dioxane. The hydroxyl number in mg KOH/g of sample was calculated by the following 
equation: 
Hydroxyl value (mg KOH/g) = 
(𝐵−𝐴)𝑁 ×56.1
𝑊+𝐴𝑐𝑖𝑑 𝑣𝑎𝑙𝑢𝑒
  
 
Where B is the volume of the blank solution: A is the volume (mL) of the NaOH solution after 
the phthalation liquefied of reaction sample; N is the normality of the NaOH solution; W is the 
W is the weight of LOPFW (g). 
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Fourier transform infrared spectroscopy (FT-IR). The Fourier transform infrared 
spectroscopy system that was employed in this work was Perkin Elmer spectrometer (Spectrum 
100) Universal ATR Sampling Accessory. Liquefied oil palm wastes samples were drop into 
small cube (10 x 10x 10 mm) and place it at FTIR sample holder. FTIR spectra were recorded in 
the range of 400 to 4000 cm-1 collecting 35 scans with 4 cm-1 resolution, in the transmittance 
mode.  
Result and discussion 
Effect oil palm fruit wastes (OPFW)/polyhydric alcohol (PA) ratio on acid and hydroxyl 
values. Acid value and hydroxyl value of the polyols is an important parameter that needs to be 
monitored during biopolyols production. Figure 1 shows the acid value and OH number was 
significantly increase from 0.5 to 0.25 of OPFW containing different liquefaction solvent (PA) at 
150°C. From figure 1a, the acid value of the OPMF/EG ratio (13-16.2 mg KOH.g-1), OPMF/PEG 
(14-17.2 mg KOH.g-1) and OPMF/GLY (12-16 mg KOH.g-1). Moreover, OPMF/PEG (445-495 
mg KOH.g-1) ratio contributed to higher hydroxyl values than OPMF/EG (432-490 mg KOH.g-1) 
and OPMF/GLY (435-492 mg KOH.g-1) ratios. Property of the liquefied OPS/PA product in 
figure 1b shows that the acid value and hydroxyl value increase in the initial reaction stage with 
the increase in the OPS/PA ratio. The acid value of the OPS/EG ratio (13–17 mg KOH.g-1), 
OPS/PEG (11-14.2 mg KOH.g-1) and OPS/GLY (9-16 mg KOH.g-1). The hydroxyl value of 
OPS/EG ratio (422-490 mg KOH.g-1), OPS/PEG (431-492 mg KOH.g-1) and OPS/GLY (433-
490 mg KOH.g-1). The increase of acid value could be attributed to the increase of the 
liquefaction solvent, which contains 5% H2SO4 catalyst. Figure 1c shows the acid value and OH 
number of the liquefied OPK/PA ratio was significantly increased. The acid number of the 
OPK/GLY ratio (11-16.7 mg KOH.g-1) is clearly higher than that of the OPK/PEG (9.2-16.1 mg 
KOH.g-1) and OPK/EG (7.5-15 mg KOH.g-1). The hydroxyl number of OPK/GLY ratio (430-495 
mg KOH.g-1) is also higher compare to the OPK/PEG (450-490 mg KOH.g-1) and OPK/EG (433-
485 mg KOH.g-1).  
It was observed that with an increase in the liquefaction solvent (PA) amount in the 
mixture, the acid value and hydroxyl value of the polyols gradually increased. The increase in 
acid number can be attributed either to the increase of acidic substances or to the oxidation of the 
carbonhydrates and lignin during the liquefaction. Besides, the increase in hydroxyl number can 
be probably attributed to the cleavage of ester or ether linkages between the lignin units [6][7]. 
Moreover, high content of liquefaction solvent contributed to higher  acid number and hydroxyl 
values. This indicates that although the liquefaction solvent in the mixture can provide the 
hydroxyl group of the polyols, a loss of hydroxyl groups occurred during the liquefaction 
reaction which could be largely attributed to the alcoholysis reaction of oil palm fruit waste in 
liquefaction solvent and to the formation of ethers. The increase of acid value could be attributed 
to the increase of the liquefaction solvent with 5% H2SO4, and also to the increase of acidic 
substances produced with the decomposition of oil palm components and the oxidation of 
alcohols as the liquefaction proceeded [8]. This result reveals that the reaction of the hydroxyl 
groups of the solvents with the oil palm waste components occurred during the liquefaction. 
72
       
 
       
 
     
 
Figure 1: Effect of OPFW/PA ratio on acid value and hydroxyl value (a) liquefied oil palm 
mesocarp fibre (OPMF) polyol (b) liquefied oil palm shell (OPS) polyol (c) liquefied oil palm 
kernel (OPK) polyol. 
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Fourier transforms infrared spectroscopy (FT-IR). Figure 2 shows the FT-IR absorption 
spectrum for the liquefied oil palm fruit waste (OPFW) with polyhydric alcohol (PA) at 150°C in 
the presence of 5% H2SO4 as catalyst.  FT-IR spectra of oil palm fruits wastes (OPFW) materials 
are complex due to the various functional groups and the complicated chemical environment that 
exist in OPFW components. Many peaks in OPFW IR spectra are broad and often overlap with 
neighboring peaks. Figure 2a show the FTIR spectra of liquefied oil palm mesocarp fibre (OPMF) 
polyol. The FT-IR spectra of the Liquefied OPMF/EG, OPMF/PEG and OPMF/GLY did show 
some differences between each other. A broad peak around 3000-3400 cm-1 represents the OH 
groups either from cellulose or from unreacted liquefaction solvent. The peak around 2870 cm-1 
represents the C-H symmetric stretching in aliphatic methyl. A shoulder at 1735 cm-1 is primarily 
due to the carbonyl stretch in unconjugated ketone, ester or carboxylic groups in hemicelluloses 
[9]. From the growing shoulder of the 1735 cm-1 peak, it can be inferred that hemicellulose is 
peeled off from adjacent lignin or cellulose into solution [11]. Figure 2b show FTIR spectra of 
liquefied oil palm kernel (OPS) polyol with three different liquefaction solvent. The broad band 
at about 3600–3000 cm-1 was the characteristic stretching vibration of hydroxyl group, which 
indicates the presence of OH groups in the liquefied OPS [9]. The stretching vibration of N-H 
bonds at 3311 cm-1 can overlap OH group which belong to the water or liquefied oil palm kernel 
(OPS) polyol. The appearance of absorption peak at 1720 cm-1 (C=O), 1597 cm-1 (N=H) and 
1213 cm-1 (C-O) had confirmed the formation of urethane linkages as expected. The high extent 
of the reaction is corroborated by the increase in the range 2800–2990 cm-1 for the C–H 
stretching modes of the aliphatic CH3, CH2 and CH groups; this increase is due to the rupture in 
the chemical backbone of the biomass and the functionalization of free hydroxyl groups in 
cellulose, lignin and hemicellulose [10].  
 
FT-IR was used to investigate changes of components of oil palm kernel (OPK) in the 
different liquefaction solvent shown in Figure 2c. It can be seen that all polyol spectra showed 
enriched OH groups in molecular structures of these components, as indicated by the bands at 
about 3600–3000 cm-1. The band at 1026, 1028, 1108, 920 and 845 cm-1 that were assigned to 
cellulose, glycerol, and its derivatives. The broad absorption band at 1730–1710 cm-1 could be 
attributed to the stretching vibration of C-O in hemicelluloses or stretching vibration of carbonyl 
resulted from cellulose degradation, corresponding with the fact that lignocellulosic biomass 
liquefaction in presence of acid leads to decomposition of cellulose into small compounds due 
acid hydrolysis and other oxidation reactions takes place on cellulose [12]. The bands between 
1750 cm-1 and 1650 cm-1 corresponds to the C-O stretching vibration in agreement with the 
existence of ketone, aldehyde, carboxylic, and esters groups. In all the samples appear the 
principal peaks at 1050 cm-1 attributed to the C-O stretching vibrations, around 2900-3000 cm-1 
typical of C-H stretching vibrations and around 3000-3600 cm-1 which is the typical band arising 
from the O-H [10]. All these functional groups are present in the liquefactions solvents (EG, 
PEG400 and Glycerol). The absorption band at around 1700 cm-1 is attributed to the stretching 
vibration of C=O common for all soluble components of oil palm fruit waste depolymerization.  
These esters were probably produced by a dehydration reaction between carboxyl groups of oil 
palm waste components in presence of the acid (catalyst) [13].  
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Figure 2: FTIR spectra of (a) liquefied oil palm mesocarp fibre (OPMF) polyol (b) liquefied oil 
palm shell (OPS) polyol (c) liquefied oil palm kernel (OPK) polyol. Oil palm waste/liquefaction 
solvent ratio was 1/3 and liquefaction temperature was 150°C. 
   
Conclusion 
It was shown that is possible to convert oil palm fruit waste (OPFW) into liquefied polyol via 
acid liquefaction, at atmospheric condition, in the presence of EG, PEG400 and glycerol as 
liquefaction solvent at 150°C with sulfuric acid as a catalyst. After studying the liquefaction with 
different parameter (OPFW/PA ratio and types of PA), it was found that liquefied OPFW/PA 
ratio had great influences on acid and hydroxyl number. The optimal condition of liquefaction 
ensured optimum biomass conversion and polyol with suitable acid and hydroxyl number to be 
precursor in rigid polyurethane foam synthesis. FTIR analyses of the liquefied product showed 
the characteristic of oil palm wastes differed after undergo the liquefaction process.  The result in 
this study indicated the acid liquefied OPFW product have potential for the fabrication of 
polyurethane (PU) foams. 
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